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NATIONAL ADVISORY COMMITTEE EOR AERONAUT ICS 

TECHNICAL NOTE NO. 994 

COLUMN-. STRENGTH OE EXTRUDED MAGNESIUM ALLOYS 
- AM-G58S AND AM-C5 8S-T5 ■ 


. By J. R. Leary and Mars'hall Holt 


INTRODUCTION 


Tests have previously "boon mado to detcrmino tho column 
strength of magnosium alloy AM— C58S—T5 extrudod rod, hut 
these few data were not considered a satisfactorily wide 
basis for establishing a general formula for the column 
strength of this alloy. . It was therefore decided to make 
additional tests on a number of extruded sections 'of magne- 
sium alloy AM— C58S— T5 with some tests on AM— C58S for com- 
parison. 


OBJECT 


The object of this investigation was to provide a 
basis for establishing a general formula for the column 
strength of -magnesium alloys AM— C58S and AM— C58S— T5 members 
that are not subject to local buckling or to torsional in— 
sta'pil-ity . • " . * 


MATERIAL 


The .material usod in this investigation was magnesium 
alloys AM— C58S and AM— C58S-rT5. The — T5 temper was obtained 
by- means of an aging treatment consisting in heating for 16 
'hours- at 340° E ±10° in the. aging chamber in- the Extrus.ion 
Divis.ion of New Kensington' Works . ' The aging cycle was as 
follows : ' - ■ 
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Time f o:r hot load— couple to. reach 330° P , hr .... . 2.8 

Time for low load— couple to reach 330° P , hr 3.8 

Time of soak after low load— couple reached 33-0° P, hr. 16.0 
Total tlmo in furnaco , hr ........ 19.8 


The mechanical properties of the material before and 
after artificial aging are shown in table I. The values for 
the unaged material are in reasonably good agreement with 
the typical valuos and oxcood tho specified minimum valuoB 
given in tables 5 and 6, respectively, of roferonco 1. Tho 
values for the aged material are somewhat less than the typ- 
ical values which are based on limited data obtainod from 
tests on extruded rod. 

The tensile tests woro made on standard l/3— inch— wide 
tensile spocimons (see reforoneo 2) of tho full thicknoss 
of the matorial . In tho compression tosts tho spocimons wore 
of tho. full cross section, and tho stross— strain rolationB 
woro ' obtainod from tho relative movement of the platens of 
tho testing machine* It is recognized that this measured 
movement includes not only the strain in tho spec imon ■, • but 
-also Certain strains and distortions of tho platens,' Tho 
data woro thoroforo corroctod so that— tho initial slopo of 
tho stress-deformation curvos was equal to the nominal value 
of the modulus of elasticity 6,500,000 psi. The corrected 
stross— deformation curves are shown in figures 1 and 2. 


SPECIMENS A HD METHOD OP TEST 


Tho column spocimons are listed and doscribod in tables 
II and III. Tho avorago aroa of oach spocimon- was d-otor—' 
minod from its weight and length and tho nominal • spocif i c 
gravity of tho matorial (0.0654 lb por cu in.). 

Tho~~ 9 nds of the specimens were finished flat and normal 
to the axis of the specimen by turning on an arbor in a 
lathe . Tho spocimons were then tostod as columns- with flat 
onds, that is, with tho platens 'of tho testing machine fixed 
against tipping and turning during tho loading- of tho '.s#6cl— 
non. Before loading tho specimen , ho\fovor , tho :platons woro 
alinod parallel within 0.0003 inch in 12 inches by moans of 
special taporod leveling r ings : ’uiidor tho lower platon. BJr 
rotating tho rings rolativo to ono anothor or rotating, tho 
two of- than rolativo to tho platon, it is possiblo to tip 
tho platon about any axis in tho piano of tho boaring sur— 
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face. :The load wia's- ^a-ppliiSd unir-f ormly and- sl-owly until a max— 
imua value was r ea'ohed .■? .--i n X 1 ■ 

. ■ , ■ • : 'i (' r - - - 


RESULTS AND AHALYS IS 


The column strengths developed in these 'tests are given 
in 'table's II- and’ 'III. Only 'in the' case? •kf' speciaon 83—5, 
which was' from the 2-^— "by 2-§— by V/ie-J-ihch angl'efof the a : g6d' 
material, -who* ‘there a material failure. In this case the 
final 'collapse ubccurred "by a shearing type .of’ failure that" • 
bovelod. each "leg 'of. the angle at' one end along planch at ' 
about '45 degrees -t-o< -tho' bear ing sur'fh-co-.' This ' sho'ar'ing' : typo ’• 
of failure occurf o'-d' at a dtrain "of'' abo'ut '6 .'3 porcont . ' ■The' 1 ' ! 
other angle specimens -failed by’ sideline bending/ Tho' fail—' 
ures o-f the shorter specimens of' the li~Ss r ection were accom^' c 
panied by local buckling of the flanges and webs at strains 
of- -about 2 pdr'cb'n-b. c -Of'' -courso' tho longer-' specimens failed 
b-y‘ late’fal 'bending' af* nu'ch smaller strain's"', ^ " ' ! ;i ' 7 ” rc,r ' 

■* f f 1 ?*•*•..* 'i * : £ *7 t ’ - ■ • 1 * . ’ * i > * . - L- '. • * 

; -"The- riolat: ions' bb-twe'eh' column strength' and' slondOfness ! " 
ratio are shown in figures 3 to 7. Tho dash— lino curves'^-"' 
shown with the data were obtained by means of tho Engessor 


int-orpretat io'n' of the'? Euler- column 'formula". 


•Tho 


•s •• : 
-• • M , 


i :: 0 ( : 


■in which: 


.fm ■: 


:! V 'X ■ 



(i«r! •• • - 
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formula is: 

-to - L •* 

< lif 

.•-i' (1) 

f \ - x- 

; - ; i vf -t 1 

- I i ? r 
x: r tvib— j 


p/A n /joi?a.mp p.trongth, pounds por sq.uaro •• inch- 




* ■» n 


E 


; : r i : 


.-i a L A x? a* i* 


offoctivo modulus, pounds per square inch 


L length of , member inchos . 

• . ; i-.'-cr* sSi <- ■:•*« ■ 


. £ f - i - 


•r ; * f 
i 


* r*" ’’ loast 'radius K o£' gyratibh , inchos 
and 


1 *■ 


dcihv 

£ coefficient describing tho end conditions; for round 

ends E •'ieq.uals unity, and’ for f tied ends ''-Equals '• 
ono— half 

• »* r- i (•:' *• - ; r j V i* j v* ‘ ** 

>n { — } is the effoctivo 

\ r J in’ ■ 


It follows thon that tho oxoressioj 
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slenderness ratio of the member. The resul'ts of a large num- , 

ber of tests on aluminum alloy columns -indicate that with 

this method of testing the value of K can be taken as one-_ 

haif . ; _ ' * ' V 

The Euler equation was first developed on the basis of 
elastic action of the material, in which case the value of 
II " i8_the- elastic modulus. Engesser's interpretation consid- 
ers E- ae an effective modulus which f or. s t.'re s se s' above the 
elastic-stress range varies with the stre'ss and is less than 
the elas t ic modulus . A rather extensive experience Hith 
various materials, especially" the aluminum alloys, indicates 
that when the compressive tangent modulus, or the slope of 
the compressive strese-strain curve, is used as the effec- 
tive modulus the computed curve agrees very well with test 
results. : As seon- in figures 3 to 7, the tangent -modulus - 
column curves agree quite well with these test results.. 

The stress-tangent modulus relations obtained from the 
compressive s tr es s-def ormat i on curves are' shown in figure 8.. 

The differences in the shapes of these curves are reflections 
of the small differences in the shapes of the .s tree s-s train 
curves . ' - 


: Although the Engesser formula represents the test re- / 

sul 1 8 very well, it is not suitable for general engineering 
use. The trend of the data, as well as that of data previ- 
ously obtained in other tests on magnesium columns (references 
3 and 4), suggests the use of a column formula of the Rankine 
type which is more convenient for general engineering use. 

Because of the nature of the formula it is necessary to limit 
the maximum value of column strength to the compressive yield 
strength of the material. The dot-dash curves shown in fig- 
ures 3 to 7 are of this type and can be represented by an 
equation of the form 



P 

A 



with a maximum value equal to the com- 
press iv.e yi eld strength of the material (3) 


in which 

P/A column strength, pounds per square inch 

Kl/r effective slenderness ratio 

v " 



and 
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B and D coeff icients . chosen to give good agreement with 

the test results 

The equations of the curves shown with the data aye , 
for AM-C58S, 

P 4 3900 . 

A ' 

1 + 0.000659 

for AM— C58S— T5 , 

P 98200 


1+ 0.001520 

Por the materials, tested, the values of compressive yield 
strength which are to he taken as the maximum values of 
column strength are approximately; 




. (P- 51 ) 


•AM-C58S 21,300 ... 

AM-C58S-T5. . . . . 30 >000 

These formulas are for use with axially . loaded columns 
sturdy enough to fail hy sidewise bending and not. by local 
buckling or twisting. In problems of design suitablt?, fac- 
tors of safety must be used in connection with these formu- 
las. 


CONCLUSIONS 


The following conclusions have boon drawn from the test 
results on extruded shapes of AH— C58S and AH— C58S— T5 and the 
discussion presented in this report: 

1. The mechanical properties of the AM— C58S material 
are in reasonably good agreement with the typical values and 
exceed the specified minimum values given in reference 1. 
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2. Tho mochanical. properties for the AM— C68S — T5 material 

are s omewhat-'les s than the typical values given in reference 
1 which are based on limited data obtained from teste on ex- 
truded 'rod. ■ 

3. Por columns that fail by sidewise bonding, tho tost 
results agree very well with the Engesser column formula 
when the compressive tangent modulus is usod as the effective 
modulus. Ihis formula, while very useful for analyzing data, 
is not well suited to general engineering use. 


4. The trend of the column test results is represented 
very well by a f-ormula of the &ankino typo with a maximum 
value equal to the compressive yield strength. Column formu- 
las of this type based on the tost results given heroin are 
as follows : 

for AM-C58S, 


P 

A 


42 900 


1 + 0.000659 



with a maximum value equal to 
the compressivo vield strength., 
21,300 psi . 


for AM-C5 8S-T5 , 


P 

A 


1 + 


98200 


0.00152 0 



with -a maximum value oqual to 
the compressive yield strength, 
30,000 psi 


Those formulas are for use with axially loaded columns sturdy 
enough to fail by sidewise bending and not by local buckling 
or twisting. When determining allowable column strengths in 
probloms of dosign, suitable factors of safoty must bo ap- 
plied. 


Aluminum Research laboratories, 

Aluminum Company of America, 

Hew Kensington, Pa., February 8, 1945. 
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TABLE I 

PROPE RTIES OF MATERIAL OSH) IN CQHJMN T^PS OS 
EHmDSD MiatESIUM ALLOYS AM-C58S AND M-C58S-T5 


Section 

Dimensions, 

in. 

Die No. 

Teasile 

Strength, 

psi 

Tensile Yield 

(OffMtfl, 

psi 

Elongation 1 Compressive 
in 2 in. Yield Strength 
or 4D, (0ffBfit«0r^J , 
per cent | psi 

AM-C58S as Extruded and Commercially Straightened 

I-Beam 

Angle 

2-1/2 x 2 x 1/8 
2-1/2 x 2-1/2 x 7/16 

IM-844 

IM-840 

.48 150 
47 650 

34 850 

35 150 

■ r - - 

19.5 

17.8 

21 200 

21 300 

■ 



AU-C58S-T5 



y 

I-Beam 

Angle 

Angle 

2-1/2 x 2 x 1/8 , 

2-1/2 i 2-1/2 i 7/16 
4 x 4: x 1/2 

IM-844 

XM-840 

Itt-439 

51 300 
49 800 
51 300 

34 000 
32 400 
37 400 ' 

9.0 

6.5 

'5.1 

30 400 
30 200' 
29 700 j 



Typical Properties* 


• 


AM-C58S 



/46 000^ 
'47 000' 

,32 000^ 
*35 000' 

12 

22 000 

AM-C58S-T5 



53 000 

36 000 

7 

33 000 

- 


Specification 

Vainest 

i * 



| 



42 000 

27 000’ 

8 



Teasile tests made on standard tension test, specimens for sheet metals' - Fig. 2 of “Standard Methods ■ 
of Tension Testing of Metallic Materials (£8-421,” 1942 Book of A.S.T.M. Standards, Part I, p.898. 
CanpressiYe tests made on a short length of the full cross section. 


* From Table 5 of “Designing with Magnesium," American Magnesium Corporation, 1943. 
t Loc. cit. Table 6. 
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TABLE II 

DESCRIPTION OF SPECIMEN S AND RESULTS OF TESTS 
COLUMN STRENGTH OF EXTRUDE) MAGNESIUM ALLOY AM-C58S 

Specimens tested as columns with flat ends, K taken as 0.5. 


80-5 

80-10 

80-20 

80-29 

80- 39 
82-48 
82-58 

81- 78 


Length, 
L, in. 


Effective 

Slenderness 


Measured 
Crookedness, 
e, in. 


Ratio 

L/e 


Area, A, 
sq in. 


Ultimate 
Load, P, 


I-Beam, Depth 2.5 in., Flange 2 in.. Thickness 1/8 in., r - 0.452 in. 


4.58 

9.05 

18.07 

27.20 

36.10 

45.10 
56.40 
67.80 

90.10 


4.90 

9.68 

19.39 
29.00 
38.70 

48.40 
58.10 
71.90 


0.241 

0.475 

0.947 

1.435 

1.900 

2.370 

2.960 

3.562 

4.710 


0.003 

0.003 

0.003 

0.009 

0.003 

0.008 


0.805 

0.803 

0.801 

0.807 

0.805 

0.804 

0.803 

0.803 

0.799 


Angle, 2-1/2 in. ? 2-1/2 in. i 7/16 in., r ■ 0.484 


0.638 

1.261 

2.522 

3.783 

5.040 

6.260 

7.530 

9.370 


0.005 

0.007 

0.006 

0.015 

0.010 


1.991 

1.992 
1.989 
1.995 

1.992 
1.978 
1.982 

1.993 


17 900 
17 850 
16 950 
16 750 
16 350 
12 300 
8 900 
6 970 
4 680 


64 900 
56 150 
43 100 
42 200 
42 100 
32 100 
27 630 
19 030 
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TABLE III 

DESCRIPTION OF SPECIMENS AND RESULTS OF TESTS 
COLUMN STRENGTH OF EXTRUDED MAGNESIUM ALLOY AM-C58S-T5 


Specimens tested i.aS' columns with flat. ends,; Ej.takeui.jas 0, : 5» ' ,-j ; L l ! fl 


Specimen 

No. 

Length , 
L, in. 

Weight , 

Effective 
Slenderness 
Ratio, ( 
KL/r 

Measured 
Crookedness, 
e, in. 

Ratio, 

L/e 

Area, A, 
sq in. 

Ultimate 
Load, P, 
l£ 

Column 

Strength, 

r/ 

psi 


I-Beam, 

Depth 2.5 in.. Flange 2 in., Thickness 1/8 

in., r - 0.452 in. 


11-5 

4.60 

0.242 

5.1 



—— 

0.805 

25 000 

31 060 

11-9 

9.09 

0.480 

10.1 

— 



0.807 

25 500 

31 600 

10-18 

18.00 

0.937 

. 19.9 

0.002 

9 000 

0.796 

23 900 

30 020 

11-27 

. 27.40 

1.440 

30.3 

' __ 



0.804 

23 800 

29 610 

10-36 - 

36.40 

1.870 

40.3 

0.009 

4 040 

0.787 

23 000 

29 220 

11-45 

45.00 ■ 

2.368 

49.8 

0.005 

9 OpQ 

0.805 

17 000 

21 120, 

11-56. 

56.60 

2.970 

62.7 

0.018 

3 140 

0.802 

11 850 

14 780 

10-68 

68.80 

3.568 

76.1 

0.046 

1 495 

0.793 

8 100 

10 210 

9-90 

89.90 

4.730 

99.5 

0.013 

6 900 

0.805 

4 750 

5 900 



Angle, 

2-1/2 in. i 

2-1/2 in. x 

7/16 in., 

r - 0.484 



83-5 

5.04 

0.656 

5.2 

— 

«... 

1.991 

97 000 

48 720 

83-10 

9.85 

1.282 

10.2 

— 

— 

1.991 

61 500 

30 890 

83-2Q 

19.40 

2.525 

20.0 

— - 

— 

1.990 

58 550 

29 420 

83-29 

29.20 

3.810 

30.2 

-- 

— 

1.995 

58 000 

29 070 

84-39 

39.70 

5.175 

41.0 

0.008 

4 960 

1.993 

55 800 

28 000 

85-48 

48.10 

6.250 

49.7 


— 

1.987 

43 500 

21 890 

85-58 

58.10 

7.565 

60.1 

0.004 

14 500 

1.991 

33 000 

16 570 

84-79 

78.20 

10.178 

80.9 - 


— 

1.990 

19 350 

9 720 



Angl 

b, 4 in. x 4 in. x 1/2 in., t * 0.776 in. 



57-8 

7.55 

1.844 

4.9 

__ 


3.735 

118 40Q 

31 700 

56-16 

15.47 

3.752 

10.0 


— 

3.709 

113 000 

30 470 

56-23 

23.20 

5.630 

14.9. 

► 

— * 

3.711 

no ioo 

29 670 

56-31 

31.00 

7.510 

20.0 

■ 0.007 

4 430 

3.705 

108 250 

29 220 

56-39 

38.70 

9.395 

24.9 

0.015 

2 580 

3.715 

108 250 

29 140 

57-47 

46.50 

11.370 

30.0 

0.011 

4 230 

3.739 

106 100 

28 380 
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Figs. 1,2 
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Figure 1.- Compressive stress- strain curves, (a) I-beam, die no. XM-844; web depth = 2.6 in.; 
flange width = 2 in.; thickness = 1/8 in.;(b) 2-1/2 x 2-1/2 x 7/16 in. angle. 


Metal, AM-C58S. 



Figure 2.- Compressive stress-strain curves, (a) I-beam, die no. XM-844, web depth = 2.5 in., 
flange width = 2 in.; thickness = 1/8 in.; (b) 2-1/2 x 2-1/2 x 7A6 in. angle; 

(c) 4 x 4 x 1/2 in. angle. Metal, AM-C58S-T5. 
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Figs. 3,4 
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Figs. 5,6 
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Figure 5.- Column strength of AM-C58S-T5 I-beam. Specimens tested as columns with flat ends. 

K taken equal to .50. I-beam, die no. XM-844; web depth = 2.5 in.; flange width = 
2 in.; thickness = 1/8 in. 
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Figs. 7,8 
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Figure 7.- Column strength of AM-C58S-T5 4 x 4 x 1/2 in. angle. Specimens tested an columns with 
flat ends. K taken equal to .SO. 



Tangent modulus, millions of psi 


Figure 8.- Stress-tangent modulus curves 




